ABSTRACT
Introduction
Cultivated sunflower (Helianthus annuus L.) is one of the few major crops with North American origin and one of the most important oilseed crops in the world (13) . The genus Helianthus is composed of 51 species and 19 subspecies with 14 annual and 37 perennial species (14) .
The interspecific hybridization allows the production of new interspecific combinations with introgressed agronomic traits not previously available in the crop species (15) . Interspecific hybridization has been used for transferring unique genes from wild Helianthus species into cultivated sunflower. The rich genetic variability found in the wild species of the genus Helianthus (17) makes them a valuable genetic resource for improving the sunflower crop (9) . Wild sunflower species have contributed several traits for improvement of cultivated sunflower including pest and disease resistance, abiotic stress (5), herbicide tolerance (3), cytoplasmic male sterility (16), fertility restoration (2), genes for high content of separate fat acids and seed oil quality (10, 17) and high oil content (1, 7).
Simple sequence repeats (SSRs, microsatellites) are abundant in eukaryotic genomes and frequently multiallelic and reveal much higher levels of polymorphism than do most other marker systems (6) . As a consequence they have become the marker of choice for population genetic analyses, genetic mapping and other genomic applications in numerous species (11) . SSRs consist of tandem repeats of short (1-6 bp) nucleotide motifs (4) and are distributed throughout the genome, occurring both in protein-coding and noncoding regions (20) . Microsatellite markers have co-dominant Mendelian inheritance and are widely applied in construction of genetic maps (8) . Several independent molecular genetic linkage maps of varying density and completeness have been constructed for cultivated sunflower (Helianthus annuus L.) (19) After the amplification was completed, 2 μl of the PCR products were mixed with 4 μl loading buffer (Formamide containing 5 mg/ml Dextran blue) containing internal standards. The internal standards were produced by amplification of pUC19 fragments with sizes 50, 100, 150, 200, 250, 300, 350, 400, 450 and 500 bp. Samples were denaturated at 95 ºC for 3 min and separated by electrophoresis on a sequencing gel in ALF Express II sequencer (GE Healthcare). The alleles were automatically sized with software AlleleLocator 1.03 (GE Healthcare).
Results and Discussion
The polymorphism of 59 microsatellite markers, uniformly covering a sunflower genome (Tang et al., 2003) , was assessed in lines 2530R and 2534R, line HA89A and Helianthus bolanderi E009 accessions, in order to determine and to localize microsatellite loci that were transferred from the wild sunflower in lines 2530R and 2534R. The results obtained for both investigated inbred lines showed that the microsatellite profiles of lines 2530 R, 2534 R and line HA89A are identical at thirty eight out of fifty eight analyzed microsatellite loci. Table 1) . As a whole twenty one SSR loci that originate from the Helianthus bolanderi were obtained in the two inbred lines. Lines 2530 R and 2534 R differed in their allelic profiles at 18 SSR loci, while the two microsatellite loci at LG10, and one microsatellite locus localized at LG15, transferred from the wild sunflower are identical for both lines.
Intraspecies and interspecies hybridization is a known tool for enhancement of the introgression of newly useful alleles from the wild species. The process of development of breeding lines that harbor the important agronomic traits from the wild counterpart is advanced by discovering of molecular markers that are linked to loci determining the corresponding traits and application of these markers in breeding programs for selection of the valuable lines. Helianthus bolanderi Gray is wild annual diploid species, found in dry soil of low fields and foothills from southern Oregon to south central California (12) . It carries genes for cytoplasmic male sterility, branching and resistance to downy mildew (2) . Lines 2530 R and 2534 R are branched, resistant to downy mildew and fertile while the line HA89 A is not branched and is susceptible to downy mildew and sterile. In this study we used microsatellite markers for characterization of chromosomal regions, transferred from the wild sunflower species to the lines 2530 R and 2534 R, that could underlie the new agronomic traits. Both, the development of F2 segregating population and application of molecular markers, such as SSRs, SCAR, ESTs and SNPs, are necessary for identification of loci originating from the H. bolanderi, that underlie the new traits, including the resistance to Downy mildew and identification of molecular markers, associated with this loci.
